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U := L∞([0, T ]; R)
v¥







`(u(t), y(t))dt+ φ(y(T ))
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r{wd®sufF¾tt
ẏ(t) = f(u(t), y(t))
d¯ f¯
t ∈ [0, T ] ; y(0) = y0
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g(y(t)) ≤ 0 ∀t ∈ [0, T ].
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` : R × Rn → R
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¥vDHrut
φ : Rn → R
±
dpHv¥ez©Xr
f : R × Rn → Rn
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fu(u, y) = Duf(u, y)
±
fuu(u, y) = D
2
uuf(u, y)














H : R × Rn × Rn∗ → R
»­yfXr{/¯
H : R × R × Rn × Rn∗ → R
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(u, y)
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p0 ∈ R+

p ∈ BV ([0, T ]; Rn∗)
.
η ∈ M[0, T ]
b#
(p0, dη) 6= 0
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ẏ(t) = Hp(p0, u(t), y(t), p(t))
¯ fZ¯
t ∈ [0, T ] ; y(0) = y0
»[H½
−dp(t) = Hy(p0, u(t), y(t), p(t))dt+ gy(y(t))dη(t) ∀t ∈ [0, T ]
»KZ½
p(T ) = p0φy(y(T ))
»KZ½
u(t) ∈ argminw∈RH(p0, w, y(t), p(t))
d¯ f¯
t ∈ [0, T ]
»9R½







±b§¦f²e*fFv t{a¥(t ∫ T
0 ϕ(t)dη(t) ≥ 0
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Hy(p0, u(s), y(s), p(s))ds+
∫ T
t
gy(y(s))dη(s) + φy(y(T )).
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R × Rn → R
T








tz©X©p dXfyH½¾¯Ua¹f.e°p sf 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j = 1, . . . , q − 1
±dv§¦fa¥°µf























∃ γ > 0, |g(q)u (û, y(t))| > γ,
«­Zy:©

















tadf6|Hwz fF'µfy%r{zZv²«D~$vHt{ypZz©v/· r:dy{z©vzd©f±Pr{wd®r¨t{zt{wstzvd4t{4t{adf6fvfy%©z>dXfX Wie*z©t{vz©v













p(t±) = limt′→t± p(t
′)
¯`badfkuwde¹(t
τ ∈ (0, T )
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∃ α > 0, Huu(û, y(t), p(t
±)) ≥ α
«­y:©
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g(y(T )) < 0
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∃ γ, ε > 0, |g(q)u (û, y(t))| > γ,
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ϕ(S) := (ϕ(τ))τ∈S ∈ RCardS .
a¹f:ZsstDr¨z©ez}yvqµfXvHt{z©v
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(u, y)
<3 . *39$=K>."*(
-	*=.!$"#])9*:+." b.9#  #%$,4&357684 &9:6 <;
Z.:=
u ∈ PCqT [0, T ]

y ∈ PCqT ([0, T ]; R
n)
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ẏ(t) = Hp(u(t), y(t), p(t)) = f(u(t), y(t))
v
[0, T ] \ T ; y(0) = y0
»HF½
−ṗ(t) = Hy(u(t), y(t), p(t)) + gy(y(t))η0(t)
v
[0, T ] \ T
» HFZ½
p(T ) = φy(y(T ))
» H![H½
0 = Hu(u(t), y(t), p(t))
Zv




Ib ; η0(t) = 0
v








g(y(τ)) = 0 ∀τ ∈ Tto
»HXZ½
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τ ∈ Ten ∪ Tex
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(u, y)
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g(q)(u(t), y(t)) = 0
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H̃ : R × Rn × Rn∗ ×
R 7→ R
®¥f#sf vdfX®qp	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pq ∈ PC
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j = 1, . . . , q
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ẏ = H̃p(u, y, pq, ηq) = f(u, y)
v
[0, T ] ; y(0) = y0
»ì½




[0, T ] \ T
»KZ½
pq(T ) = φy(y(T ))
»K"[H½








j = 0, 1, . . . , q − 1 ; τ ∈ Ten
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t ∈ [0, T ]
v
û ∈ R.
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f  qt{yfe}r¦®r{fX.vt{aft{fyvt{z©µfk«­ye@wd}(tzZv/¯ a¹f#vdfXfXr¨Zef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(pq , ηq) ∈ PC1T ([0, T ],R
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PCqT [0, T ] ×
PCqT ([0, T ]; R
n) × PCqT ([0, T ],R
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PCqT [0, T ]
   
"* .
t ∈ [0, T ]
=3L/
*
(gy(y(t)), · · · , g
(q−1)
y (y(t)))
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u ∈ PCqT [0, T ]
±t{adfkeddz©vdZr




A0(t) := fu(u(t), y(t))





T ([0, T ]; R
n)
«­y
l = 0, . . . , q − 1
¯bY´t:arb®RffXv²r¨ad(§¦fX.z©vGF HR!I
ta(ttadf«­©©(§zvd*yf}(t{z©v¥rºa}dr±d«­y:©








l = 0, . . . , q − 2 ; j = 0, . . . , q − 2 − l,
g
(q)
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j = 0, . . . , q − 1 ; t ∈ [0, T ] \ T ,
»KZ½













en), ∀ τen ∈ Ten ; ντex = η1(τ
−
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.9# 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g(y(t)) < 0
Zv













































































































y (y)fuu(u, y) + ηqg
(q)
u (u, y)


















0 ≤ j ≤ q−1y{f§¦f©ª³Úsf	¥vdfX?¯ba¶fr{ad(§
tadf#fX|Hwdz©µ(©fvf®Rftu§¦ffXv'fX|Hw(tzZvr#» H°½´³¾» HF½bv¥.fF|Hw(tzZvr#»KZ½´³
»KZ½bwdefXvZtfX.§zªta »¿Z½´³¾»[H½¾¯
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j = 1, . . . , q
» [H½
a}dr±ZrD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j = 1, . . . , q
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g(q)(u(τ−en), y(τen)) = 0 ; g
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(u, y)
# U. r{adqtzvd f  qt{yfe #  # .9#  V   . *4."	#A=

"*+ KP.9# 
 4  	 5  5 6 .6L
"4#9# 
 <4 9  684A9 6 
!ft:wr:r{ad(§
a(§ »[H½¦yf}(t{fFr¦t{*t{afdszt{z©v¥/Zvszt{z©vrb«,~¤y{Z/¯s¯ s¯








 4 5)5 684 586
."4 ."	#  #%$ 4 &35
q
684 &9:6 ?;U1 Z

P
 b# $ L
"4#9# 











4 #   04A9  6 
P 6 B»¿zzÁ½ ; O
">
 b#%$6K <;
















û 7→ g(q)(û, y(τen))
z©rZvdf³ìt{³ìZvdf¯nqz©vf
g(q)(u(τ+en), y(τen)) = 0
±q§¦fia°µZft{a¥(t





























+, y, p+q , η
+
q ) = H(u














y (y)fu(u, y) = g
(j)
u (y) = 0
«­y
j =
1, . . . , q − 1
±v¥4adfXvfZ±d§¦fZ®stzv
0 = Hu(u









u (u+, y) 6= 0
®qp²»¿kZ½±szªt¦«­©(§:r¤t{a¥(t
Hu(u
















































+, y, p+q ) −Hu(u
−, y, p−q )
= Hu(u
+, y, p−q ) −Hu(u

















































Θ := Rn × RqNb × RNto × RNb × RNb × RNto .
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q (τ+en) = 0 ; (−1)
q−jη
(q−j)
q (τ−ex) = 0.
»ìHF½
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z©v y%sfXyt{ v¥ Mr¨aHt{z©vd²f	 qty{fXe	T,tadf4szªtzZv¦Zvszt{z©vr«­Zy@²~$vHty{pHz©v¶f	 qt{yfe
a¥°µfkt{®Rf%adfXEZfX4«Át{fXy{§by%drX¯












`(u(t), yu(t))dt + φ(yu(T )).
»ì½
a¶fºr°p:ta(t$bt{y%(ufF¾typ
(u, y = yu)
z©rsXZst{z©eqr¨Zwdt{z©v#«
(P)





c, r > 0
r{w%a4ta(t 
















































































q̂ := 2q − 2
z«
q








q = 1, 2
¯
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(u, y)
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H̃(u,y),(u,y)(u, y, pq, ηq)((v, z), (v, z))dt

























ż = fy(u, y)z + fu(u, y)v
Zv
[0, T ] ; z(0) = 0
»KH°½
g(j)y (y(τ))z(τ) = 0
«­y




(u,y)(u(t), y(t))(v(t), z(t)) = 0 t ∈ Ib
»KZ½




V := L2(0, T )v
























(v, z) = 0
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η ∈ M[0, T ]
z©µfv¹®qp7»K½¾¯ºvr{z©dfyt{adf
|HwZsy%(t{z}Zr¨tb«­wdvt{z©v
J (v, z) :=
∫ T
0
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(v, z) ∈ V × Z
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(u, y)
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(p, η)
.4




8*:97L	#A=   *3>." 1 
 .=LJ
*<  4  7684  	6 4A9 76






b= V 3'*:	7 L9#A=  # 4    61. 4   86 




S '_#.*# ` 9*:.L 
"*# 
(v, z) ∈ V ×Z
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(v, z) ∈ V × Z
r(tz©r¨«­p »¿ HX½:vMr{ft




















































































j = 0, . . . , q − 1
¯1Y´t
«­Z©(§:rºt{at
D2g(j)(u, y)((v, z))2 = g
(j−1)
yyy (f(u, y), z, z) + 2g
(j−1)
yy (z,Df(u, y)(v, z))
+ g
(j−1)
y D2f(u, y)((v, z))2.
» R[H½
YÚv²Zdszt{z©v/±s®qptadf#z©vdfFyz>dXfXrut%(t{ffF|Zw¥(t{z©v »¿ HF½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yyy (y)(f(u, y), z, z) + 2g
(j−1)
yy (y)(z,Df(u, y)(v, z)),
§az©%az©µfFrb®Hp¹»9R[H½¾±s«­Zy




g(j−1)yy (y(t))(z(t), z(t)) = D






u (u, y) ≡ 0
«­y




yy (y)(z, z) = D2g(j−1)(u, y)((v, z))2
«­y
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ω := (π∗0 , γ
1:q
Ten


































































(v, z, π, ζ)
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ż = fyz + fuv
v
[0, T ] ; z(0) = 0
»9R(H½




[0, T ] \ T
»¿ZZ½














[0, T ] \ Ib
»KZ½



























y (y(τ)) ; τ ∈ Ten
»K"[H½
[π(τ)] = 0 ; τ ∈ Tex
»KZ½
[π(τ)] = −ντz(τ)
∗gyy(y(τ)) − γτgy(y(τ)) − στντg
(1)






























































y (u, y) = g
(j−1)




j = 1, . . . , q
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α > 0
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K LJ .
Q(v) := Jq(v, zv) ≥ α‖v‖
2































j = 0, . . . , q − 1
¯¤~$z©vHtr»¿z}½¦«­Z©(§:rX±
r{z©vf:®qp'»¿[H½¾±H«­Zyº©
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g(q)(u, y)|t=τ− 6= 0 ∀τ ∈ Ten ;
d
dt




g(1)(y)|t=τto 6= 0 ∀τ ∈ Tto.
»KZ½
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, bTto , cTen , cTex , cTto)
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Jq(v, zv) + a
∗
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(vδ , ζδ , zvδ)
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πδ(T ) = zδ(T )















y (y(τ)), τ ∈ Ten,
»KZ½
− [πδ(τ)] = 0, τ ∈ Tex,
»K"[H½


















, τ ∈ Tto;
»KZ½








































τ στ , j = 2, . . . , q, τ ∈ Ten.
»KZ½
git{f6t{a¥(t




(vδ , ζδ) ∈
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j = 1, . . . , q
±Prr{qz©t{fF.§zt{aÂfvHt{yp.Rz©vHtr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»Kk½»­zÁ½,zed©z©fXrX±®qp !/fXee¯>H±t{ati»KZ½,ad}drX±»¿Z½,z©rDr(tz©rfF
§afv




Ten = Tex = ∅
¯ a zªta¹»¿kZ½¤vtadfkr{fXvs³ìZysfXy¤r{wsÀÃz©fvHt¦vszt{z©vM»K R½¾±Ht{afiz©vHµZfy{t{z©®dz©ztup6«
tadf¼HZ®dz}v4«tadfr¨aHt{z©vdeddz©vd*«­©©(§:r¦«­y{Ze~y/¯Dd¯PH¯











































(v, z) = 0
z©r¦r¨Zwdt{z©v/¯nqz©vfit{adfr{fXZvq³´y%sfy¦r¨wdÀzfXvHt¦Zvszt{z©v
»K R(½¦sqfFr¤vdt¦a}?±qt{adfXy{ff	 sz}rut%rºvdtadfy¦dt{z©e?r¨ZwstzZv

























(z(0), π(0)) = 0
(µZfybtadfy%r¨tky%t{afz©vdfFykdz PfyfvHt{z}fX|Hwt{z©vr»/R(Z½Ú³%»K½±¥§¦f§¦wd}'a°µZf























ω̃ := (π̃0, γ̃
1:q
Ten























˜̀(u(t), y(t), µ)dt + φ̃(y(T ), µ)
r¨wd®dufX¾tt
ẏ = f̃(u(t), y(t), µ),
¯ fZ¯
t ∈ [0, T ] ; y(0) = ỹ0(µ),
g̃(y(t), µ) ≤ 0,
§afyf ˜̀ : R × Rn ×M0 → R ± φ̃ : Rn ×M0 → R ± f̃ : R × Rn ×M0 → Rn ± g̃ : Rn ×M0 → R ±v






`µ(u, y) := ˜̀(u, y, µ)
±qft¯©±sv
z}sfXvZtzª«­p



















































































































ITN := {τ ∈ R














ϕ̂i(s) = ϕ(τi + (τi+1 − τi)s),
«­y:
s ∈ (0, 1),
ϕ̂i(0) = ϕ(τ
+
i ), ϕ̂i(1) = ϕ(τ
−
i+1)















PCkN [0, T ] := ∪{PC
k











ϕn ∈ PCkSn [0, T ]
ZvHµZfyfFrt{



























PCk,rN [0, T ] = PC
k
N [0, T ] ∩ C
r[0, T ]
t{adfr{wd®r{fti«
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W → PC1,0N













1 ≤ r < ∞

 U












C1([0, 1]; RN+1) × ITN

 + .37)74#%$


































S [0, T ] × PC
q,1
S ([0, T ]; R
n) × PC1S([0, T ],R










XN := ∪{XS ; S ∈ ITN},
X qS := PC
q
S [0, T ]× PC
q,0
S ([0, T ],R
n) × PCqS([0, T ],R
n∗) × PCqS [0, T ];
X 1S := PC
q
S [0, T ]× PC
q,0
S ([0, T ],R
n) × PC1S([0, T ],R
n∗) × PC1S [0, T ],
X qN := ∪{X
q




S , S ∈ ITN}.
kfvt{f v¥©pÃ®qp

























±:z«fX%a fXvHt{yp±f	 sztv t{Zw%a
Rz©vZt«
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/.=<>Q) 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"
(Pµ)








K L ." 
*Q.
µ ∈ Vµ
















b N+ .37)74# $
µ 7→ (uµ, yµ, pµ, ηµ) ∈ XN
# 
2b# 7-L%#  6L














c, r > 0
K L ."
Jµ(u) ≥ Jµ(uµ) + c‖u− uµ‖22, ∀u ∈ B∞(ū, r), g











J (v, z) > 0,

*1.
(v, z) ∈ V × Z \ {0}








.Å 7¡s      git{ft{atkZvszt{z©v7»­z©zÁ½bz©rkruty{ZvdfXybt{atitadf#«­©©(§zvdÃr{fXvs³ìZysfXy%ay%³
tfyz>dF(tzZv.«,|Hwdyt{z}iZy{(§bta¶»ì½»Kr¨fXf F I­½
J (v, z) > 0,

"* .
(v, z) ∈ V × Z \ {0}



















vqwde6®¥fXy«k®Rwvdyp7y%r*v¥7tw%a ¥ZzvHt%r*vt{adf²ref.Zydfy«:tadfz©yswdy{fXvf§#¯ yX¯ tX¯
tzefZ¯Â`baqwrvdZv7fXrr{fvHt{z}Dtw%a Rz©vHtr*yfdyfXr{fvHt@z©v t{adfr¨aHt{z©vd²edzvd¥±Dv e°p¶®¥f
Z¾tzµZf*Zy#zv¥¾tzµZf*«­y#tadf¥fXy¨twdy®¥fF¹y{Z®dfXe'¯ !/ft
N̄ := n + (q + 2)Nb + 2Nto
sfXvdtft{adf
dzefv¥r¨z©v¶«ºt{adfÃr{adqtzvdedzvd¥±§zt{a































to ) ∈ Θ
» HFH½
r{w%a.t{at
Φ(θ, µ) = 0 ; Ψ(θ, µ) ∈ RN0− ∩ (ν
µ
T nesto





























DθΦ(θ0, µ0)(θ − θ0) − δ1 = 0



















































θµ = θ0 + Ξ(−DµF(θ0, µ0)(µ− µ0)) + o(‖µ− µ0‖).
» H)HFZ½
    C :( '	(/  /  ,D! !    
`baf y%rutkr¨t{fXMz©v't{adf6dy{q«$«:»­z©z}½
⇒
»¿z}½:zvM`ba/¯[¯PH#z©r:t{4r{ad(§ t{at6» HF R(½:zed©z©fXrit{adf@r¨t{yv
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L
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  ; 39 J#+7_#  ."
θ0# 1. 9*:
" $=  *: $"KP.*
_K9# 
 







 i`bafy{q«z©rr{efX§a(tr¨z©ez}yt¶t{adf²Zvdf.«~¤y{Z¥Hr¨zt{z©v d¯PH¯ !/ft




δ1 = (aT , b
1:q
Ten




ω = (π0, γ
1:q
Ten
, γT essto , γT nesto , σTen , σTex , σT essto , σT nesto ),
r{©wstzZv.«t{af«­©(§z©vdy{fX©t{z©v/±qfF|Zwzµ(©fvHtt'»H=HF½¦§zªta
ω = θ − θ0

DθΦ(θ0, µ0)ω − δ1 = 0
















Jq(v, zv) + a
∗










Av = (0L2(Ib), b
1:q
Ten
, bT essto )
























































δ 7→ (uδ, ζδ, λ
1:q
δ,Ten
, λδ,T essto , λδ,T nesto )























γT essto = λδ,T essto
±





























(uµ, yµ, pµq , η
µ
q ) ∈ XN
¯3fXX©kta(t
Ψ(θµ, µ) = gµ(yµ(T µ,nesto ))
v.r{ft
T µto := T
µ,ess









τ /∈ T µto
¯2W:fXvf



















Vµ × Vθ → X
q
N , (µ, θ) 7→ (u























Vµ × Vθ → X
1
N , (µ, θ) 7→ (u
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749# 
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K L6.Z S+.7=7# $
Vµ → XN

µ 7→ (uµ, yµ, ηµ, pµ)
#  Z_= V 3Q.4 2b# 7-L%#  
L

























(uµ, yµ) ∈ PCq,0T µ [0, T ]×
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 8=* .K+749# 
  ."4 L
#9# 
 4 ## 6,































gµ(uµ, yµ) < 0
®qp.rut%vy%4Zet{vdfFr{ry{ZwdefvHtX¯
`badftu§ºÃvf	 qti©feer:f  qt{fv¥t{adHr¨fz©v]F d±Pr¨fF¾t{z©v [=It{Ãt{adf*r¨ft¨t{z©vdÃ«D¥fXy¨twdy{®RfX'Zst{z©e
vHt{yPdy®fXerX¯
 ºÅ  7¡   2&SK+ Z . .K+7	# 
";."4SL
#9# 
 4 ## 6











."4+ K_	# 7_# *
(pn, ηn)
; 
Qn(vn) := J µn(vn, zn)
 8*:
J µn(·, ·)








<  4	  86  &K+' .
vn ⇀ v̄ ∈ L2
O. ."

























































uu (un, yn, pn)vndt






Hµnuy (un, yn, pn)
v
Hµnyy (un, yn, pn)
±Pzªt«­©©(§:r:fXZr¨z©©p4ta(t
Qn(vn) −















t?uwdvt{z©vr$tzefFr:» !fee#¯PHF½¾± !/fXe*eS[¥¯ z©e*z©fXr



























[τto − ε, τto + ε]
t*wdvz©|Hwdf#Rz©vHt
τµu ∈ (τto − ε, τto + ε)
¯nqft
Īto := ∪τto∈Tto(τto − ε, τto + ε)v












































u ∈ B∞(ū, δ)
v#e@wªtzd©z©fy
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749# 
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 ."4 L
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 4 ## 6,





`L# ."  b#
(Pµ)
."	#  V K-# 
*+ K .="*:.9# L$=*:
 bJL3
"4"#	# 





















































Lµn(ũn, λn) − L































gµny (yn)zn ≤ 0
v
supp(ηn)
±d®qp !/fXee[¥¯ 6§¦fa°µft{a¥(t@» H)HX½Ú³%»H=HF½¦ad}?¯2a zt{at{afvdt%(tzZvrb«!/fee[¯Òq±
e6®dzvzvd
DuL
µn(un, λn) = 0
v¶» H°½¦§zt{a » H°[Z½Ú³%»HFZ½¾±d§¦fft
Qn(vn) = DuuL









y (yn)zn〉 = 〈λn, DG
µn(un)vn〉 ≥ o(1).
~DZr{r{zvºtt{afz©ezªtF±°§ºfDZ®stzv



















Qn(vn) → 0 = Q̄(v̄)
±vÂafvf±









  ; 3
"*:+ 9  
(ii) ⇒ (i)



































gµ(y) := g(y) − ψµ(g(y)),
v¥ EZffX













(τ − µ, τ + µ)
±/«­Zy©























±dzt«­©©(§:r¤«­ye `ba/¯d¯ d»­z©zÁ½ºt{att{adfr{wsÀÃz©fvHt:Zvszt{z©v »­z©z}½
a}dr±s§az©%a'%adz©fµZfXrºt{af#dy{q«u¯
     D
 / 		:( '	(/  /
Y´«*ruty{ZvdyfZwd©y{ztup ad}drX±i®qp » H)HX½4t{adf¶edzvd



















































































ż(t) = Df̃(ū, ȳ, µ0)(v, z, d)
Zv
[0, T ], z(0) = 0
Dg̃(0:q−1)(ȳ(τ), µ0)(z(τ), d) = 0, τ ∈ Ten,
Dg̃(ȳ(τ), µ0)(z(τ), d) = 0, τ ∈ T
ess
to
Dg̃(ȳ(τ), µ0)(z(τ), d) ≤ 0, τ ∈ T nesto
























































Lr(0, T )×W 1,r(0, T ; Rn)
±d«­y:©
1 ≤ r <∞
¯
















µ 7→ (uµ, yµ, ηµ, pµ)
#    *   L3 9
"#*:L9# 
. ,"# *3-	# .)<> 

Vµ
 @ .=)#9# 
 J]"#*:L9# 
.1=*#A=.9#A= 
   G+.7=74#%$
µ → (uµ, yµ)
#
Lr(0, T ) ×W 1,r(0, T ; Rn)














































« .",ZydfyF¯,`,"EZfk«­Zyf	 ded©ft{adf#y{Z®dfXe 
(Pq) min










y(q)(t) = u(t) ; y(0) = y01 ; ẏ(0) = y
0
2 ; ... ; y
(q−1)(0) = y0q ;
y(t) ≥ 0, t ∈ [0, T ].
Y´t:z}rbfXZr¨pÃt{%adfXEÃt{atX±s«­Zy










































ta(tr{t{z}r ¥fXrºvdfXfXrr{y{p¹stze©ztup¶vszt{z©v¥r@v¥ adfv¥f±$®qp vqµZf	 szªtup¹«tadfÃdy®d©fe'±
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 ,	 º+@:& &5+
`baf$tu§ºvdf  qtfXeeZrP«­©©(§:rPzeefXsz}(tpk«­ye
tadf?uwdv¥¾t{z©v¥rZvszt{z©vr/fXr¨t®z}r¨afXzv FPHXd±=HR`Iì¯
 ºÅ  7¡     28
(u, y)
< .J*: $=K>.*'
" 9*=.$=# )9*:+."8."	#  # $ 4 &>57684 &9:6 ,;\
KL9# 

t 7→ Huu(u(t), y(t), p(t)
# 1L3












[Huu(u(τ), y(τ), p(τ))] = [p(τ)]fuu(u(τ), y(τ)) = −ντg
(1)












 ºÅ  7¡7  	 2 
(u, y)
<J. *: $=K>.* 
" 9*=.$=#^)	*:+ . .9#  # $ 4 &>5 684 &9 6 .
τ ∈
Ten ∪ Tex
. -	* )#Z9#+ <;;
P
 b# $ L
"4#9# 
  .*: K#A=.P-
»¿z}½ 4	 61 
> .
τ B »­z©z}½1#  q # q  lim
t→τ ; t∈Ib












(Al)0≤l≤q : [0, T ]\T 7→ Rn
®qp»K½v¥
(al)0≤l≤q : [0, T ]\T 7→ R®qp	
a0(t) = `u(u(t), y(t)) ; al(t) = `y(u(t), y(t))Al−1(t) − ȧl−1(t) l = 1, . . . , q.
`bafvzªtkXv®¥fr{ffXv.®qpÂ»K"[q½k»Kr¨fXf F>HR!I­½ºt{at«­y:©





Hu(u(t), y(t), p(t)) = (−1)





Hu(u(t), y(t), p(t)) = (−1)































j = q − 1
pqzfX©r¦t{adfXv








































0 = (−1)qHuu(u(τ), y(τ), p(τ))[u
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A : X → Y
.4










∃α > 0 〈Hx, x〉 ≥ α‖x‖2,
«­y:©
x ∈ KerA,»­z©z}½ `badf#Z¥fXyt{Zy

















(x∗, y, δ) ∈ X∗ × Y × Rr
S*: =# 	6. K-# K 









Hx+A∗y∗ +B∗ν = x∗
Ax = y
Bx ≤ δ, ν ≥ 0, ν(Bx − δ) = 0,
» HFZZ½
."4G +.7=74#%$
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 Zst{z©e¦vHty{Zdy®d©fe
§zt{a^t{azy%q³´y%sfy*rut%(t{f'Zvr¨t{y%z©vZt*vµ°y{z©fXr¨§zt%adz©vd ruty{w¥¾t{wy{fZ¯  
  5 7	#+ # `.9# 
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